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H&sum6 - D i v e r s  a s p e c t s  d e  l a  rgponse  n u c l g a i r e  d e  s p i n  i s o s p i n  
s o n t  d i s c u t g s ,  en  p a r t i c u l i e r  l e s  a s p e c t s  c o l l e c t i f s  d e  l a  r6-  
ponse  l p l h  a i n s i  que  l a  r6ponse  due  aux e x c i t a t i o n s  2p2h. 
A b s t r a c t  - V a r i o u s  a s p e c t s  of  t h e  n u c l e a r  r e s p o n s e  t o  s p i n  i s o s -  
p i n  e x c i t a t i o n s  a r e  d i s c u s s e d ,  i n  p a r t i c u l a r  t h e  c o l l e c t i v e  
f e a t u r e s  of t h e  l p l h  r e s p o n s e  and t h e  r e s p o n s e  a r i s i n g  from 
t h e  2p2h e x c i t a t i o n s .  
The s u b j e c t  o f  my t a l k  i s  t h e  r e s p o n s e  f u c t i o n  o f  t h e  n u c l e u s  t o  a  s p i n  
i s o s p i n  e x c i t a t i o n .  I w i l l  f o c u s  on some r e c e n t  a s p e c t s , n a m e l y  t h e  c o l -  
l e c t i v e  f e a t u r e s  o f  t h e  l p l h  r e s p o n s e  i n  t h e  r e g i o n  o f  t h e  q u a s i  e l a s -  
t i c  peak and t h e  r e s p o n s e  due  t o  2p2h e x c i t a t i o n s .  A s  a n  a p p l i c a t i o n  
o f  t h e s e  p rob lems  I w i l l  f i n a l l y  men t ion  t h e  s o - c a l l e d  EMC e f f e c t  (Euro- 
pean muon c o l l a b o r a t i o n ) .  
Cihat i s  t h e  i n t e r e s t  o f  t h e s e  problems ; what  a r e  t h e  open i s s u e s  ? The 
q u e s t i o n  o f  c o l l e c t i v e  e f f e c t s  I n  t h e  r e g i o n  of t h e  q u a s i  e l a s t i c  peak 
i s  an  i n t e r e s t i n g  s u b j e c t  i n  i t s e l f ,  b u t  p a r t i c u l a r l y  I n  t h e  s p i n  i s o s -  
p i n  c h a n n e l  b e c a u s e  i t  is  i n t i m a t e l y  l i n k e d  t o  t h e  p i o n  exchange f o r c e .  
I t  w i l l  t h u s  s h e d  l i g h t  i n  t h e  e x i s t e n c e  and t h e  r o l e  o f  t h e  p i o n  i n  
n u c l e i  which i s  somet imes  q u e s t i o n e d  nowadays and f o r  which a  c o n v i n c i n g  
e v i d e n c e  s h o u l d  b e  b u i l t .  The q u e s t i o n  of t h e  2p2h r e s p o n s e  i s  d i r e c t l y  
r e l a t e d  t o  t h e  problem o f  t h e  h i g h  e n e r g y  t a i l  o f  t h e  Gamow-Teller (G.T) 
s t r e n g t h  f u c t i o n  ; we w i l l  a l s o  d i s c u s s  t h e  problem of i t s  quench ing .  
F i n a l y  t h e  EMC e f f e c t  i n  i t s  p i o n i c  i n t e r p r e t a t i o n  o f f e r s  a  b e a u t i f u l  
a p p l i c a t i o n  of t h e s e  i d e a s  i n  a  v e r y  h i g h  ene rgy  expe r imen t .  
I n  o r d e r  t o  f i x  t h e  n o t a t i o n s  l e t  m e  remind you t h e  d e f i n i t i o n  o f  t h e  
r e s p o n s e  f u n c t i o n .  I w i l l  a d o p t  t h r o u g h o u t  t h i s  work a n  i n f i n i t e  nu- 
c l e a r  m a t t e r  d e s c r i p t i o n  f o r  which i t  is c o n v e n i e n t  t o  work i n  momentum 
s p a c e .  I f  an  e x t e r n a l  f o r c e  U ( q , w )  i s  a p p l i e d  t o  t h e  n u c l e a r  sys t em 
a t  a  momentum q  and f r e q u e n c y  w t h e n  a  d e n s i t y  f l u c t u a t i o n  6n is indu-  
c e d  
The q u a n t i t y  n is t h e  p o l a r i z a t i o n  p r o p a g a t o r .  Its imag ina ry  p a r t  i s  t h e  
r e s p o n s e  f u n c t i o n  o f  t h e  sys t em.  I t  is a  q u a n t i t y  of a  g r e a t  p r a c t i c a l  
i n t e r e s t  s i n c e  i t  is  p r o p o r t i o n a l  t o  t h e  i n e l a s t i c  c r o s s  s e c t i o n  f o r  a  
p r o b e  which c o u p l e s  t o  t h e s e  d e n s i t y  f l u c t u a t i o n s .  I t  is a l s o  ( w i t h i n  
t r i v i a l  f a c t o r s )  t h e  c o r r e l a t i o n  f u n c t i o n  o f  t h e  sys t em.  
The r e s p o n s e  o f  t h e  sys t em is l i n k e d  t o  i t s  e x c i t a t i o n s .  F o r  a f r e e  
Fermi  g a s  t h e  n u c l e o n s  r e spond  i n d i v i d u a l l y  and t h e  e x c i t a t i o n s  a r e  o f  
two t y p e s ,  t h e  p u r e l y  n u c l e a r  o n e s  a t  low e n e r g i e s ,  wz q2/2mN and t h e  
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n u c l e o n i c  ones  a t  h i g h  e n e r g y ,  f o r  a  s p i n  i s o s p i n  e x c i t a t i o n  m o s t l y  due  
t o  t h e  A , w = w A  + cf /2m A w i t h  w A  = 300 MeV. 
F o r  a  f i x e d  v a l u e  o f  q t h e  b e h a v i o r  of  n i s  a s  f o l l o w s .  The re  a r e  two 
r e g i o n s  of r e s p o n s e ,  one  a t  low e n e r g y  and one  a t  h&gh e n e r g y , a s  is 
shown i n  P i g . 1 .  Re n h a s  a  d i s p e r s i v e  b e h a v i o r ,  Ren c h a n g i n g  s i g n  a t  
low e n e r g y  w h i l e  Reno c h a n g e s  s i g n  a t  h i g h e n e r g y .  I would l i k e  t o  draw 
your  a t t e n t i o n  t o  t h e  f a c t  t h a t   en^ ( a n d  hence  Re n o )  is n o t ,  a t  f i x e d  
q ,  a  smooth f u n c t i o n  o f  w i n  t h e  low e n e r g y  s e c t o r  o r  e q u i v a l e n t l y ,  a t  
f i x e d  w , i t  is  n o t  a  smooth f u n c t i o n  of q .  Moreover t h e r e  is  a  n e a r  
cancellation between R e  nN and Rex0 I n  a  c e r t a i n  k i n e m a t i c a l  domain 
( s e e  F i g . 1 ) .  
F i g .  1 - Imag ina ry  p a r t s  ( d o t - d a s h e d  l i n e s )  and  Rea l  p a r t s  o f  
n and  no ( c o n t i n u o u s  l i n e s )  and  of no = + n A  ( d a s h e d  l i n e ) .  
When t h e  i n t e r a c t i o n  between t h e  nuc leons  is  s w i t c h e d  on t h e  nuc leons  
no l o n g e r  r e spond  i n d i v i d u a l l y .  The e x t e r n a l  f o r c e  c a n  b e  t r a n s m i t t e d  
t o  t h e  n e i g h b o u r s  th rough  a  c o h e r e n t  s u p e r p o s i t i o n  o f  l p l h  s t a t e s  and 
t h e  l p l h  r e s p o n s e  becomes 
where V i s  thep.h .  i n t e r a c t i o n .  T h i s  e x p r e s s i o n  sums t h e  f o l l o w i n g  series 
o f  b u b b l e  g r a p h s .  
The e x p r e s s i o n  (1) r e p r e s e n t s  t h e  random phase  a p p r o x i m a t i o n ,  RPA, more 
e x a c t l y  a  s i m p l i f i e d  v e r s i o n  o f  i t  where t h e  a n t i s y m m e t r i s a t i o n  is  o- 
m i t t e d .  
Although o v e r s i m p l i f i e d  a s  compared t o  t h e  e x a c t  RPA, e x p r e s s i o n  (1) 
is  a  u s e f u l  g u i d e l i n e  t o  s t u d y  t h e  c o l l e c t i v e  f e a t u r e s  of t h e  r e s p o n s e ,  
embodied i n  t h e  RPA d e n o m i n a t o r ,  and t o  p r e d i c t  what k i n d  o f  f e a t u r e s  
s h o u l d  b e  e x p e c t e d .  
T h i s  a p p r o x i m a t i o n  g i v e s  f o r  t h e  r e s p o n s e  
The c o l l e c t i v e  e f f e c t s  i n f l u e n c e  t h e  r e s p o n s e  i n  a way which depends  
on t h e  s i g n  o f  t h e  p r o d u c t  V ( q ,  w) R e  n o  (q,cu).  
F o r  what c o n c e r n s  t h e  p .h .  f o r c e  t h e  p i o n  which c o u p l e s  t o  t h e  nuc leo -  
n i c  s p i n  and i s o s p i n  i s  an  e f f e c t i v e  a g e n t  t o  c a r r y  t h e  s p i n  e x c i t a t i o n .  
T h i s  makes pn$ o f  t h e  i n t e r e s t i n g  a s p e c t s  o f  t h e  f i e l d .  However t h e  
p i o n  h a s  a  a . q  t y p e  o f  c o u p l i n g .  Consequen t ly  i t  c a n  a c t  o n l y  ( i n  nu- 
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c l e a r  m a t t e r )  i f  t h e  e x c i t i n g  f i e l d  i t s e l f  h a s  a  s i m i l a r  c o u p l i n g , i . e . ,  
i f  i t  p r o b e s  t h e  component o f  t h e  m a g n e t i z a t i o n  a l o n g  t h e + d i r . e c t i o n  o f  
t h e  momentum. I f  t h e  p robe  c o u p l e s  i n  a  t r a n s v e r s e  way ( a x  ^ q) t h e n  i n  
n u c l e a r  m a t t e r  i t  i s  t o t a l l y  b l i n d  t o  t h e  p i o n  exchange f o r c e ,  a t  l e a s t  
f o r  t h e  d i r e c t  p i e c e  b u t  remember t h a t  w e  i g n o r e  a n t i s y m m e t r i s a t i o n  i n  
o u r  s i m p l e  a p p r o x i m a t i o n .  
T h i s  p a r t i c u l a r  f e a t u r e  t u r n s  o u t  t o  b e  o f  g r e a t  v a l u e .  By t u r n i n g  t h e  
d i r e c t i o n  o f  t h e  m a g n e t i z a t i o n  t h a t  we e x p l o r e  w e  c a n  s w i t c h  on and o f f  
t h e  p i o n i c  component of  t h e  f o r c e ,  e n a b l i n g  t h u s  t h e  d i s p l a y  o f  t h i s  
component. I n  p r a c t i c e  t h i s  i s  n o t  s o  e a s y  t o  c a r r y  th rough  b u t  t h e  
p o s s i b i l i t y  i s  t h e r e  and i t  s h o u l d  b e  e x p l o i t e d .  What it means i n  p r a c -  
t i c e  i s  t h a t  t h e  f o r c e  and hence  t h e  c o l l e c t i v e  f e a t u r e s  t h a t  t h i s  f o r -  
c e  g e n e r a t e s  a r e  d i f f e r e n t  i n  t h e  s p i n  l o n g i t u d i n a l  and i n  t h e  s p i n  
t r a n s v e r s e  c h a n n e l s  (1). 
B e s i d e  p i o n  exchange t h e  f o r c e  c o n t a i n s  s h o r t - r a n g e  components which 
a r e  p a r a m e t r i z e d  phenomeno log ica l ly  by t h e  Landau-Migdal p a r a m e t e r  g o ,  
which represents t h e  r e p u l s i v e  s h o r t  r a n g e  component. The t o t a l  f o r c e  
V L  i n  t h e  s p i n  l o n g i t u d i n a l  c h a n n e l  is t h u s  
Where f  is  t h e  n N  c o u p l i n g  c o n s t a n t  ( f 2  = 1). The p i o n  exchange p i e c e  
g e n e r a t e s  a  r a p i d  v a r i a t i o n  i n  momentum due  t o  t h e  s m a l l  v a l u e  of t h e  
p i o n  mass. 
I n  t h e  s p i n  t r a n s v e r s e  c h a n n e l  t h e r e  i s  no p i o n  exchange and t h e  f o r c e  
VT h a s  a  s low v a r i a t i o n  i n  ¶(maybe due  t o  p exchange )  r e m a i n i n g  r e p u l -  
s l v e  o v e r  a  l a r g e r  r a n g e  o f  momenta. The two f o r c e s  a r e  r e p r e s e n t e d  i n  
F i g . 2  f o r  a  t y p i c a l  v a l u e  g t = 0 . 7 .  
t I 
F i g .  2  - The p.h. f o r c e  i n  t h e  l o n g i t u d i n a l  ( d a s h - d o t t e d  l i n e )  and 
i n  t h e  t r a n s v e r s e  c h a n n e l  ( c o n t i n u o u s  l i n e )  f o r  g '  = 0 .7 .  
Beyond q  =1 fm-1 t h e  two f o r c e s  d i f f e r  v i o l e n t l y  ; one  i s  mi ldy a t t r a c -  
t i v e  w h i l e  t h e  o t h e r  i s  a p p r e c i a b l y  r e p u l s i v e .  The c o l l e c t i v e  f e a t u r e s  
of t h e  two r e s p o n s e s ,  which r e f l e c t  t h e  n a t u r e  of t h e  f o r c e ,  a r e  t h e n  
e x p e c t e d  t o  d i f f e r  markedly .  T h i s  i s  i l l u s t r a t e d  i n  F i g . 3  which r e -  
p r e s e n t s  t h e  r e s p o n s e s  a s  a  f u n c t i o n  of w a t  a  f i x e d  momentum q=1.3 fm-? 
The f r ee  Fermi g a s  v a l u e  i s  shown t o g e t h e r  w i t h  t h e  r e s p o n s e s  o b t a i n e d  
i n  t h e  RPA e x p r e s s i o n  ( 2 )  b o t h  i n  t h e  l o n g i t u d i n a l  and i n  t h e  s p i n  
t r a n s v e r s e  c h a n n e l .  The c o n t r a s t  i s  c l e a r l y  v i s i b l e  : t h e  t r a n s v e r s e  
r e s p o n s e  is quenched and ha rdened  ( i t s  maximum i s  d i s p l a c e d  a t  l a r g e r  
w v a l u e s )  w h i l e  t h e  l o n g i t u d i n a l  one  i s  enhanced and s o f t e n e d .  
20 40 60 80 180 MeV 
F i g .  3 - The r e s p o n s e  f u n c t i o n  a t  q = 1 . 3  fmdl i n  t h e  f r e e  c a s e  (dash -  
d o t t e d  l i n e )  and i n  t h e  RPA a p p r o x i m a t i o n  f o r  t h e  l o n g i t u d i n a l  ( d o t t e d  
l i n e )  and t r a n s v e r s e  ( c o n t i n u o u s  l i n e )  c h a n n e l .  
The h a r d e n i n g  of t h e  t r a n s v e r s e  r e s p o n s e  i s  a  remnance o f  t h e  c p l l e c t i v e  
s t a t e ,  t h e  z e r o  s o u n d ,  which e x i s t s  a t  low momentum ( q  6 0 . 4  fm ) .  
A t  l a r g e r  q  t h e  c o l l e c t i v e  s t a t e  h a s  e v o l v e d  and e n t e r e d  t h e  p .h .  con- 
t inuum where i t  s u r v i v e s  i n  t h e  fo rmof  a  h a r d e n i n g  of t h e  r e s p o n s e .  
The s o f t e n i n g  of t h e  l o n g i t u d i n a l  r e s p o n s e  1s a l s o  t h e  r e f l e c t  o f  ano- 
t h e r  c o l l e c t i v e  s t a t e ,  t h e  p i o n  c o  d e n s a t e ,  which would o c c u r  a t w =  0 
and a  c r i t i c a l  momentum q  2  fm-'. However t h i s  s t a t e  does  n o t  
o c c u r  a t  t h e  o r d i n a r y  d e n g i t y  b u t  maybe a t  a  much larger one  ( p  > 3 p o )  
and t h e r e f o r e  t h e  s o f t e n i n g  e f f e c t  is  n o t  v e r y  pronounced.  I n  a d d i -  
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t i o n  t h e  momentum is  n o t  t h e  b e s t  t o  d i s p l a y  i t ,  t h e  e f f e c t  would b e  
more pronounced a t  t h e  c r i t i c a l  momentum. 
The i n t e r e s t i n g  f e a t u r e  of t h e  c o n t r a s t  i s  t h a t  i t  i s  p r a c t i c a l l y  i n -  
dependan t  of  g ' .  I f  g '  i s  i n c r e a s e d  t h e  s o f t e n i n g  and enhancement of 
t h e  l o n g i t u d i n a l  r e s p o n s e  f a d e  away b u t  t h e  quench ing  and h a r d e n i n g  
of t h e  t r a n s v e r s e  one  become more pronounced,  i n  s u c h  a  way t h a t  t h e  
c o n t r a s t  r ema ins  i n t a c t .  I t  is  e n t i r e l y  due  t o  p i o n  exchange ,  t h e r e -  
f o r e  i t s  d i s p l a y  would s i g n  unambiguously  t h e  p i o n  exchange f o r c e  i n  
a  r e g i o n  of a  s p a c e  l i k e  momentum t r a n s f e r .  I t  would a l s o  i n d i c a t e  t h e  
c o l l e c t i v e  n a t u r e  o f  a t  l e a s t  one o f  t h e  two r e s p o n s e s ,  l o n g i t u d i n a l  
o r  t r a n s v e r s e .  
A t  p r e s e n t  no d a t a  e x i s t  on t h e  s e i n  l o n g i t u d i n a l  r e s p o n s e ,  t h e  r e a -  
s o n  b e i n g  t h a t  few p r o b e s  have  a  o . q  t y p e  of coup . We a r e  awai-  
t i n g  f o r  t h e  r e s u l t s  of  t h e  Los Alamos e x p e r i m e n t  tipgOn t h e  p o l a r i -  
z a t i o n  t r a n s f e r  i n  i n c l u s i v e  p p '  r e a c t i o n s  on n u c l e i .  It w i l l  p r o v i d e  
t h e  two r e s p o n s e s ,  which e l i m i n a t e s  a  number o f  s y s t e m a t i c  u n c e r t a i n -  
t ies  i n  t h e  compar ison.  
I n  t h e  meantime w e  c a n  i n v e s t i g a t e  t h e  s i t u a t i o n  f o r  t h e  t r a n s v e r s e  
r e s p o n s e  where we have  a t  o u r  d l s p o s a l  a n  i d e a l  p r o b e ,  e e '  s c a t t e r i n g .  
The s e p a r a t i o n  between t h e  t r a n s v e r s e  and t h e  l o n g i t u d i n a l  ( c h a r g e )  
r e s p o n s e s  h a s  been  performed i n  a  number of c a s e s .  The t r a n s v e r s e  one  
i s  e s s e n t i a l l y  magne t i c  ; i t  is a l s o  i s o v e c t o r  s i n c e  t h e  i s o v e c t o r  ma- 
g n e t i c  moment of t h e  nu on l a r g e l y  domina te s  o v e r  t h e  i s o s  l a r  one .  
An example of t h e  d a t a  "' i s  shown i n  F i g . 4  i n  t h e  c a s e  of " Fe f o r  
a  f i x e d  momentum q = 1 . 6 5  fm-l .  Also  shown is t h e  l p l h  c r o s s  s e c t i o n  
o b t a i n e d  f o r  a  f r e e  Fermi  g a s  and t h e  one  o b t a i n e d  i n  t h e  s i m p l i f i e d  
RPA e x p r e s s i o n  ( 2 )  w i t h  g ' =  0 . 7 .  Both d e s c r i p t i o n  t o t a l l y  f a i l  i n  
t h e  l a r g e  ene rgy  r e g i o n  b u t  t h i s  is t o  b e  e x p e c t e d  s i n c e  t h e  2p2h 
e x c i t a t i o n s  which t a k e  o v e r  i n  t h a t  e n e r g y  r a n g e  a r e  i g n o r e d  i n  t h i s  
d e s c r i p t i o n .  We w i l l  come back  t o  t h a t  q u e s t i o n ,  
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-1 F i g .  4 - The t r a n s v e r s e  c r o s s  s e c t i o n  of Fe a t  q  = 1 . 6 5  fm 
The e x p e r i m e n t a l  p o i n t s  a r e  from r e f . ( 3 ) .  Thgldot dashed  l i n e  
i s  t h e  f r e e  Fermi g a s  v a l u e  wh i th  k  =1.15 fm . The c o n t i n u o u s  
l i n e  is  t h e  RPA a p p r o x i m a t i o n  w i t h  $ ' = o .  7. 
I n  t h e  low ene rgy  r e g i o n  i n s t e a d  t h e  RPA e x p r e s s i o n  seems t o  d o  r a t h e r  
w e l l ,  i n d i c a t i n g  t h e  c o l l e c t i v e c ~ r a c t e r  of  t h e  r e s p o n s e .  However t h i s  
e v i d e n c e  is n o t  c o n c l u s i v e  s i n c e  t h e  d e s c r i p t i o n  which i g n o r e s  H a r t r e e -  
Fock e f f e c t s ,  a n t i s y m r n e t r i s a t i o n  e t c . . .  is t o o  rough.  I n  o r d e r  t o  d i s -  
p l a y  t h e  e x i s t e n c e  o f  c o l l e c t i v i t y  i n  one  s i n g l e  r e s p o n s e  a  much more 
r e f i n e d - d e s c r i p t i o n  is needed.  An e n c o u r a g i n g  p o i n t  i n  t h a t  r e s p e c t  
- 
i s  t h a t  a n  a n a l y s l s  ' ') of t h e  r e c e n t  S a c l a y  d a t a  h a s  shown t h a t  once  
t h e  t r i v i a l  f a c t o r s  a r z 0 e l i m  t e d  i n  e  c r o s s  s e c t i o n  t h e  r e s p o n s e  
becomes u n i v e r s a l  f o r  C a ,  '%a and 5%e. T h i s  shows t h a t  t h e  d e t a i l s  
of t h e  s l i e l l  s t r u c t u r e  a r e  no l o n g e r  r e l e v a n t  a t  t h e s e  momenta and 
t h a t  one  i n d e e d  p r o b e s  t h e  b u l k  p r o p e r t i e s  of  n u c l e a r  m a t t e r .  
I come now t o  t h e  h i g h  e n e r g y  r e g i o n  where t h e  2p2h e x c i t a t i o n s  domi- 
n a t e ,  a s  was shown by s e v e r a l  s t u d i e s ,  e i t h e r  m i c r o s c o p i c  o r  phenome- 
n o l o g i c a l .  I w i l l  d e s c r i b e  h e r e  t h e  r e c e n t  approach  o f  A l b e r i c o  e t  
a 1 . ( 5 1  I t  h a s  b o t h  a  m i c r o s c o p i c  and a  phenomenologica l  a s p e c t .  The 
m i c r o s c o p i c  d e s c r i p t i o n  amounts t o  i n c o r p o r a t i n g  a l l  t h e  g r a p h s  which 
a r e  r e s p o n s i b l e  f o r  t h e  a b s o r p t i o n  of t h e  photon i n  t h e  framework of 
a  p e r t u r b a t i v e  t h e o r y .  They a r e  of f o u r  k i n d s .  
F i g .  5  - Graphs r e s p o n s i b l e  f o r  t h e  photon a b s o r p t i o n .  
The f i r s t  one  r e p r e s e n t s  t h e  a b s o r p t i o n  by a  c o r r e l a t e d  p a i r  o f  n u c l e o n s .  
I n  t h e  second  one t h e  y e x c i t e s  v i r t u a l l y  a h .  The t h i r d  and f o u r t h  
o n e s  a r e  g r a p h s  of t h e  meson exchange t y p e ,  t h e  y pho toproduc ing  a  p i o n  
v i a  a  c o n t a c t  i n t e r a c t i o n  o r  b e i n g  abso rbed  by a  p i o n  i n  f l i g h t .  The 
i n t e r f e r e n c e  between a l l  t h e s e  t e r m s  is  i n c o r p o r a t e d .  
Fo r  t h e  NN i n t e r a c t i o n  which b u i l d s  t h e  c o r r e l a t i o n s  we keep  o n l y  t h e  
s p i n  i s o s p i n  component of  t h e  ph f o r c e  and w e  t a k e  i t  t o  b e  c o n s i s t e n t  
w i t h  a  G m a t r i x  e v a l u a t i o n  by Dickof f  ( 6 ) .  
The r e s u l t  o f  t h i s  l e n g t h y  c a l c u l a t i o n  is shown i F ig .6  which d i s p l a y s  
t h e  e e  t r a n s v e r s e  c r o s s  s e c t i o n  f o r  q = 1.85 fm-'. The 2p2h c o n t r i b u -  
t i o n  i s  shown, a s  w e l l  a s  t h e  t o t a l  r e s u l t  which i n c o r p o r a t e s  a l s o  t h e  
l p l h  c o n t r i b u t i o n  e v a l u a t e d  i n  o u r  p r e v i o u s  H P A  scheme. The i n c o r p o r a -  
t i o n  of t h e  2p2h p a r t  improves  r emarkab ly  t h e  f i t ,  i n  p a r t i c u l a r  i n  t h e  
r e g i o n  between t h e  n u c l e a r  and A s e c t o r .  The agreement  t u r n s  o u t  even 
b e t t e r  t h a n  e x p e c t e d  on t h e  b a s i s  o f  t h e  a p p r o x i m a t i o n s  which kave  been 
made ( n e g l e c t  o f  t h e  P a u l i  exchange p i e c e  o f  t h e  g r a p h s ,  n e g l e c t  o f  t h e  
o t h e r  components of  t h e  f o r c e  which b u i l d s  t h e  c o r r e l a t i o n s  e t c  ... ). In- 
d e e d  t h e  p r e c i s i o n  of o u r  c a l c u l a t i o n  is  d i f f i c u l t  t o  e v a l u a t e .  T h i s  
m o t i v a t e d  a  second  a p p r o a c h ,  phenomenologica l  t h i s  t i m e ,  i n  which we 
u s e  on o u r  p r e v i o u s  m i c r o s c o p i c  approach  and which a ims a t  t h e  e s t a b l i s h -  
ment of a  l i n k  w i t h  p  wave p i o n  a b s o r p t i o n .  Why p i o n s  ? F i r s t l y  t h e  
e n e r g i e s  i n v o l v e d  i n  t h e  d i p  r e g i o n  between t h e  n u c l e o n  and A s e c t o r s ,  
o f  t h e  o r d e r  o f  150 t o  200 Mev, a r e  t y p i c a l  o f  low e n e r g y  p i o n s .  More- 
o v e r  b o t h  t h e  magne t i c  photon and t h e  p  wave p i o n  have  a  s p i n  i s o s p i n  
c o u p l i n g .  The d i f f i c u l t i e s  a r e  o f  two k i n d s  : 
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- 1 F i g . 6  - The t r a n s v e r s e  m a g n e t i c  c r o s s  s e c t i o n  o f  5 6 ~ e  a t  q  = 1 .85  fm 
i n c l u d i n g  t h e  2p2h r e s p o n s e .  The dashed  l i n e  r e p r e s e n t s  t h e  2p2h r e s -  
ponse  a l o n e .  
i )  S i n c e  t h e  p i o n  and t h e  v i r t u a l  pho ton  do n o t  have  t h e  same mass t h e  
momenta i n v o l v e d  i n  y and n a b s o r p t i o n  a r e  n o t  t h e  same f o r  a  g i v e n  
e n e r g y .  I n  o u r  i n i t i a l  and n a i v e  view t h i s  s h o u l d  n o t  r a i s e  any  pro-  
blem a s  w e  t h o u g h t  of  a  smooth e x t r a p o l a t i o n  between t h e  two p r o c e s s e s .  
I n  f a c t  t h i s  is t h e  major  d i f f i c u l t y  and i t  makes t h e  l i n k  between t h e  
two p r o c e s s e s  r a t h e r  s u b t l e .  
4 
ii) The p i s n  h a s  a  l o n g i t u d i n a l  c o u p l i n g  0 . 4  w h i l e  t h e  Y h a s  a  t r a n s -  
v e r s e  one  a x  6. T h i s  d i f f e r e n c e  i n  t h e  n a t u r e  of t h e  c o u p l i n g  is a t  t h e  
o r i g i n  of t h e  s h a r p  c o n t r a s t  be tween t h e  l p l h  t r a n s v e r s e  and l o n g i t u -  
d i n a l  r e s p o n s e s  and t h e  same is  e x p e c t e d  i n  t h e  2p2h r e g i o n .  The way 
o u t  of t h i s  d i f f i c u l t y  h a s  b e e n  shown i n  a  d i f f e r e n t  c o n t e x t  by 
T . E r i c s o n  and ~ e r n a b e u ( ~ ) w i t h  e i r  a s sumpt ion  of a x i a l  l o c a l i t y .  They 
showed t h a t  t h e  l i n k  h a s  t p  b e  made a t  a  l o c a l  l e v e l  which means t h a t  
i t  s h o u l d  b e  e s t a b l i s h e d  between t h e  y a b s o r p t i v e  c r o s s  s e c t i o n  and 
t h e  p  wave n n u c l e u s  a b s o r p t i v e  o p t i c a l  p o t e n t i a l .  The r e a s o n  is  f a i r l y  
obv ious  : t h e  p i o n  wave is  d i s t o r t e d  w h i l e  t h e  photon is n o t .  One h a s  
t h e n  t o  g e t  r i d  of t h e  d i s t o r t i o n  t o  l i n k  t h e  two p r o c e s s e s ,  which i s  
r e a l i z e d  w i t h  t h e  i n t r o d u c t i o n  of t h e  o p t i c a l  p o t e n t i a l ,  
Our approach  g o e s  a s  f o l l o w s .  We f i r s t  d i s c u s s  t h e  p i o n  a b s o r p t i o n  p ro -  
cess. The p i o n  p r o p a g a t o r  is modi f i ed  i n  t h e  n u c l e a r  medium. . In  t h e  
l p l h  framework i t  becomes D(q , w  ) = I n f  + q2 - wZ + $ ii ( q  ,w ) 1 where 
qZ ii i s  t h e  p i o n  s e l f  ene rgy  o r  o p t i c a l  p o t e n t i a l  w i t h  ( i g n o r i n g  s wave 
i n t e r a c t i o n )  
I n  t h e  k i n e m a t i c a l  c o n d i t i o n  of t h r e s h o l d  p i o n s ,  q  s m a l l  and w = m  
n o  1s p u r e l y  r e a l  and t o t a l l y  dominated  by t h e  A c o n t r i b u t i o n .  ~ o h e v e r  
t h i s  d e s c r i p t i o n  i s  i n s u f f i c i e n t  and t h e  2p2h e x c i t a t i o n s  add t o  t h e  
o p t i c a l  p o t e n t i a l  an  a b s o r p t i v e  p i e c e  p a r a m e t r i z e d  a s  i q 2 4 n  ImC, P Z  
The v a l u e  of ImC,, is  a c c u r a t e l y  f i x e d  by t h e  u mes ic  a toms d a t a  : 
I m C o =  0.005 t o  0.06 m - 6  . Our f i r s t  and obv ious  i d e a  was t o  t e s t  o u r  
m i c r o s c o p i c  model on  % h i s  q u a n t i t y .  Encouraged by t h e  s u c c e s s  f o r  e e '  
s c a t t e r i n g  we were n a i v e l y  c o n f i d e n t  i n  t h e  s u c c e s s  o f  t h i s  t es t .  The 
g r a p h s  r e s p o n s i b l e  f o r  p  wave a b s o r p t i o n s ,  a s  shown by Shimizu and 
P a e s s l e r  ( 7 ) ,  a r e  of two k i n d s  o n l y  
F i g .  7  - Graphs r e s p o n s i b l e  f o r  t h e  absorption of p-wave p i o n s .  
The g r a p h s  o f  t h e  meson exchange t y p e  ( c o n t a c t  and p i o n  i n  f l i g h t )  a r e  
n o t  r e l e v a n t  f o r  it a b s o r p t i o n .  T h i s  a l r e a d y  p u t s  a  r e s t r i c t i o n  on t h e  
l i n k  w i t h  y a b s o r p t i o n  which c a n  b e  e n v i s a g e d  o n l y  i n s o  f a r  a s  t h e s e  
rneson exchange g r a p h s  a r e  n o t  dominant  (which  i s  r e a l i z e d  i n  deep  i n e -  
l a s t i c  e e '  s c a t t e r i n g ) .  
The r e s u l t  of  t h e  t e s t  was p o t  a c c o r d i n g  t o  e x p e c t a t i o n s  : o u r  c a l c u l a -  
t e d  v a l u e  is  I m C O =  0.020 m; , more t h a n  3 t i m e s  l a r g e r  t h a n  t h e  expe- 
r i m e n t a l l y  measured q u a n t i t y .  What is  t h e  r e a s o n  f o r  t h i s  d i s c r e p a n c y  ? 
Are t h e  a p p r o x i m a t i o n s  made i n  t h e  a c t u a l  e v a l u a t i o n  s o  c r u d e  a s  t o  f a i l  
c o m p l e t e l y  on t h e  momentum dependence  ? Our e v a l u a t i o n  p r e d i c t s  a  smooth 
momentum dependence  which d o e s  n o t  seem s u p p o r t e d  by t h e  e x p e r i m e n t a l  
d a t a .  Al though w e  c a n n o t  e x c l u d e  t o t a l l y  t h i s  p o s s i b i l i t y  w e  do  n o t  
t h i n k  s o  and we a t t r i b u t e  i n s t e a d  a  g r e a t  p h y s i c a l  s i g n i f i c a n c e  t o  t h i s  
d i s c r e p a n c y .  I t  is  t h e  i n t e r p r e t a t i o n  o f  o u r  model which s h o u l d  b e  ques -  
t i o n e d .  
I n  f a c t  t h e r e  exists a n o t h e r  p a r a m e t r i z a t i o n  o f  t h e  o p t i c a l  p o t e n t i a l .  
Q u i t e  o f t e n  t h e  a b s o r p t i v e  p i e c e  i s  i n c o r p o r a t e d  i n  t h e  b a r e  p o l a r i z a -  
t i o n  p r o p a g a t o r  i n  s u c h  a  way t h a t  t h e  o p t i c a l  p o t e n t i a l  w r i t e s  
The q u a n t i t y  go h a s  b o t h  a  r e a l  and an  imag ina ry  p a r t s  and I m %  
i )  i s  n o t  e q u a l  t o  t h e  p r e v i o u s  q u a n t i t y  1me0= lmcO 11-g8( rl" +4 n Re 80 p2 ) l 2  
i i j i s  n o t  unambiguously  d e t e r m i n e d  from t h e  e x p e r i m e n t a l  d a t a  s i n c e  
i t  depends  on g  ' and Re $ : There  a r e  two constraints  , t h e  r e a l  and t h e  
i m a g i n a r y  p a r t s  of  t h e  o t l c a l  p o t e n t i a l ,  and t h r e e  p a r a m e t e r s  , R e t o ,  
 me, and g s .  Tausche r  ( l P h a s  made a  v e r y  c a r e f u l  a n a l y s i s  o f  t h e  n 
meslc d a t a ,  t r y i n g  t o  d e t e r m i n e  s e p a r a t e l y  t h e s e  3 p a r a m e t e r s  which 
i n t r o d u c e  d i f f e r e n t  d e n s i t y  dependence .  
H i s  v a l u e  i s  l m g O  = 0.11 +O. 07  m-6 
-0.05 " 
C4-498 JOURNAL DE PHYSIQUE 
l a r g e r  t h a n  t h e  p r e v i o u s  v a l u e  I m C o  = 0.05 m-'. H i s  ex t r eme  v a l u e  
1 m t 0  = 0.18 m i 6  i s  c o n s i s t e n t  w i t h  o u r  de te :minat ion .  
What is  t h e  p h y s i c s  b e h i n d  t h e  d i f f e r e n t  p a r a m z t e r s  ? B e f o r e  g e t t i n g  
a b s o r b e d  t h e  p i o n  c a n  p o l a r i z e  t h e  medium a s  r e p r e s e n t e d  below. 
F i g . 8  - Diagrams r e p r e s e n t i n g  t h e  v e r t e x  r e n o r m a l i z a t i o n  f o r  t h e  
a b s o r p t i o n  of a  p i o n  l n  t h e  n u c l e a r  medium. 
I n  t h e  l a s t  s t e p  p i o n  exchange i s  n o t  a l lowed  b e c a u s e  t h i s  would b e  a  
d i s t o r t i o n  e f f e c t  which  s h o u l d  b e  e l i m i n a t e d  i n  t h e  o p t i c a l  p o t e n t i a l ,  
b u t  t h e  s h o r t  r a n g e  i n t e r a c t i o n  g '  c a n  b e  exchanged.  T h i s  p o l a r i z a t i o n  
p r o c e s s  is  i n c o r p o r a t e d  i n  t h e  q u a n t i t y  I m C O  w h i l e  i n s t e a d  it  is  remo- 
ved i n  t h e  q u a n t i t y  1 m Y ; b  which r e f e r s  t o  t h e  b a r e  g r a p h  of F i g . 7  and 
t h e n  i t  i s  c o r r e c t e d  f o r  by t h e  R P A  denomina to r  o f  e x p r e s s i o n  ( 4 ) .  
S i n c e  o u r  m i c r o s c o p i c  model d o e s  n o t  i n c o r p o r a t e  t h e  v e r t e x  r e n o r m a l i -  
z a t i o n  o f  F i g . 8  i t  s h o u l d  b e  compared t o  Im$ and n o t  t o  I m C O  , and 
t h e  ag reemen t  c a n  become much b e t t e r .  The c o n d i t i o n  f o r  t h a t  i s  t h a t  
t h e  v e r t e x  r e n o r m a l i z a t ' o n  of F i g . 8 A e s i n d e e d  i n t r o d u c e  an  a p p r e c i a b l e  
quench ing .  Ose t  e t  a l . ( $  had p r e v i o u s l y  p o i n t e d  o u t  and e v a l u a t e d  t h e  
i m p o r t a n c e  of t h e s e  v e r t e x  c o r r e c t i o n s  i n  t h e  r e a l  p a r t  o f  t h e  p-wave 
o p t i c a l  p o t e n t i a l  ( w h i t h  t h e  g r a p h  from t h e - g o n l y ) .  Our c o n c l u s i o n  
from t h e  s t u d y  o f  t h e  2p211 a b s o r p t i o n  o f  p i o n s  and pho tons  is t h a t  t h e r e  
i s  a s  w e l l  a  good e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a  s t r o n g  quench ing  i n  
t h e  p  wave a b s o r p t i v e  n n u c l e u s  o p t i c a l  p o t e n t i a l .  
T h i s  r e s u l t  i s  c o n c e p t u a l l y  i n t e r e s t i n g  b e c a u s e  t h i s  p o t e n t i a l  i s  i n -  
t i m a t e l y  l i n k e d  t o  t h e  h i g h  e n e r g y  t a i l  o f  t h e  G . T .  s t rength  The r o l e  
o f  t h e  2p2h e x c i t a t i o n s  i n  t h e  low e n e r g y  r e g i o n  ( E  5 60 Mev) h a s  b e e n  
i n y f g f i g a t e d  m i c r o s c o p i c a l l y  i n  s p e c i f i c  c a s e s  by  B e r s t c h  and Hamamo- 
t o  and i n  a  communication a t  t h i s  c o n f e r e n c e  by B o r t i g n o n  e t  a l . ( l l )  
A t  h i g h  ene rgy  w=n), a  n u c l e a r  m a t t e r  e v a l u a t i o n  c a n  b e  o b t a i n e d  pheno- 
m e n o l o g i c a l l y  by a  i i n k  w i t h  t h e  p  wave a b s o r p t i v e  p o t e n t i a l  (12).  
The d e n s i t y  of G .T .  s t r e n g t h  G ( w )  a t  w= rnn i s  p r o p o r t i o n a l  t o  I m C O  
T h i s  r e l a t i o n  f o l l o w s  s i m p l y  f rom t h e  e x p l i c i t  e v a l u a t i o n  of t h e  2p2h 
e x c i t a t i o n  by t h e  a x i a l  c u r r e n t  by  t h e  g r a p h s  s i m i l a r  t o  t h o s e  o f  
F i g . 7  f o r  t h e  p i o n  a b s o r p t i o n  p r o c e s s .  The a x i a l  c u r r e n t  h a s  a  cou- 
p l i n g  w h i l e  t h a t  o f  t h e  p i o n  i s  ( a . q ) r  . Removing t h e  l o c a l  p i o n  
momentum one f i n d s  t h e  r e l a t i o n  (5). I t  a l s o  f o l l o w s  from t h e  more 
g e n e r a l  a s sumpt ion  of a x i a l  l o c a l i t y  o f  T - E r i c s o n  and Bernabeu ( 6 ) .  
S i n c e  t h e  p  wave o p t i c a l  p o t e n t i a l  unde rgoes  a  s t r o n g  quench ing  by t h e  
v e r t e x  r e n o r m a l i z a t i o n  o f  F i g . 8  w e  have  t o  c o n c l u d e  t h a t  t h e  G.T. 
s t r e n g t h  i s  s i m i l a r l y  r e d u c e d .  The o r i g i n  o f  t h e  quench ing  l i e s  f o r  a  
l a r g e  p a r t  i n  t h e  Ah p o l a r i z a t i o n  p r o p a g a t o r  b u t  a l s o  one needs  a  
c o n t r i b u t i o n  from ~ e k ~ .  I n  f a c t  T a u s c h e r ' s  a n a l y s i s  i n d i c a t e s  t h e  
ImCO = 0.18 q6 c o r r e s p o n d s  t o  g o  = 0.6 and Repo = 0 .3  m ,-= . 
It i s  i n t e r e s t i n g  t o  draw t h e  ana logy  w i t h  t h e  s i t u a t i o n  a t  s m a l l  IJJ 
v a l u e s ,  i n  t h e  r e g i o n  of t h e  l p l h  e x c i t a t i o n s .  The re  i t  i s  w e l l  known 
t h a t  a  s t r o n g  quench ing  ( a  f a c t o r  =2 r e d u c t i o n )  a l s o  o c c u r s .  P a r t  of  
i t  i s  a t t r i b u t e d  t o  t h e  Ah p o l a r i z a t i o n  p r o p a g a t o r  b  a  mechanism 
s i m i l a r  t o  t h e  one of F i g .  8 .  I n  a d d i t i o n  Desp lanques  i P 3  ) h a s  drawn t h e  
a t t e n t i o n  t o  t h e  p o s s i b l e  i n f l u e n c e  of t h e  2p2h p o l a r i z a t i o n  propaga-  
t o r  which would c o m p l e t e  t h e  p a r a l l e l  w i t h  t h e  s i t u a t i o n  a t  w = m, . 
The quench ing  of t h e  G.T. s t r e n g t h  seems t o  b e  a  g e n e r a l  f e a t u r e  u p  
t o w = m  . 
W e  now come back  t o  t h e  l i n k  between pho ton  and p i o n  a b s o r p t i o n .  
The same g r a p h s  of F i g . 8  which p roduce  t h e  quench ing  e f f e c t  i n  n abso rp -  
t i o n  a l s o  a p p l y  i n  p r i n c i p l e  t o  y  a b s o r p t i o n .  However t h e y  d o  n o t  
have  t h e  same e f f e c t  i n  t h e  l a s t  p r o c e s s  b e c a u s e  t h e y  a r e  n o t  a  smooth 
f u n c t i o n  o f  t h e  momentum. The r e a s o n  is t h a t  t h e  p o l a r i z a t i o n  b u b b l e  
i s  n o t ,  a s  we have  s e e n ,  a  smooth f u  c t i o n  o f  q .  I n  t h e  k i n e m a t i c a l  
s i t u a t i o n  of n a b s o r p t i o n  n = 0  and T? is r e s p o n s i b l e  f o r  t h e  quen- 
c h i n g  ( w i t h  t h e  p o s s i b l e  a d d i t i o n a l  i n f l u e n c e  o f  Rego) w h i l e A d e e p  
i n e l a s t i c  s c a t t e r i n g  c o r r e s p o n d s t o  t h e  r e g i o n  where and n n e a r l y  
c a n c e l  t h e i r  e f f e c t ,  l e a v i n g  o n l y  t h e  i n f l u e n c e  of R e t o  which i s  p r e -  
sumably s m a l l e r .  
One s e e s  t h a t  t h e  l i n k  between n a n d y  a b s o r p t i o n  i s  r a t h e r  s u b t l e .  I n  
o r d e r  t o  l i n k  t h e  two p r o c e s s e s  one  h a s  t o  g e t  r i d  n o t  o n l y  of t h e  
d i s t o r t i o n  of t h e  p i o n  b u t  a l s o  of t h e  v e r t e x  c o r r e c t i o n s  which a p p l y  
t o  each  p r o c e s s  b u t  a r e  n o t  smooth f u n c t i o n  of t h e  momentum. The ex- 
t r a p o l a t i o n  i n  q  t h e n  becomes smooth.  The quench ing  c o r r e c t i o n  s h o u l d  
b e  a p p l i e d  a f t e r w a r d s  s e p a r a t e l y  f o r  each  p r o c e s s .  
The EMC e f f e c t  
4 
W e  have  s e e n  t h a t  a  p r o b e  w i t h  a  c o u p l i n g  o f  t h e  a . q  T t y p e  does  n o t  
i n t e r a c t  w i t h  i n d i v i d u a l  n u c l e o n s .  Fo r  i n s t a n c e  i t  p roduces  a  c o h e r e n t  
c h a i n  o f  l p l h  e x c i t a t i o n s  which l e a d s  t o  a n  enhancement o f  t h e  l p l h  
l o n g i t u d i n a l  r e s p o n s e  a t  l a r g e  momenta. Also  i t  c a n  e j e c t  two n u c l e o n s  
l e a v i n g  t h e  n u c l e u s  i n  a  2p2h e x c i t e d  s t a t e s ,  which a l s o  i n t r o d u c e s  
a n  i n c r e a s e  o f  t h e  r e s p o n s e  o v e r  t h e  sum of t h e  i n d i v i d u a l  nuc leon  
v a l u e s .  
The s p i n  l o n g i t u d i n a l  r e s p o n s e  h a s  n o t  y e t  been  explores b u t  t h e s e  en- 
hancement e f f e c t s  may have  found  a  s i g n a t u r e  i n  a n  unexpec ted  s i t u a t i o n  
i n  a  v e r y  h i g h  ene rgy  e x p e r i m e n t ,  M M '  deep  i n e l a s t i c  s c a t t e r i n g .  T h i s  
t y p e  o f  e x p e r i m e n t  a ims a t  e x p l o r i n g  t h e  q u a r k  s t r u c t u r e  of t h e  nuc leon .  
They a r e  s i m i l a r  t o  d e e p  i n e l a s t i c  e e '  s c a t t e r i n g  i n  n u c l e a r  p h y s i c s  
which p r o b e s  t h e  n u c l e o n i c  c o n t e n t  of  t h e  n u c l e u s .  Simply t h e  e n e r g i e s  
i n v o l v e d  a r e  much h i g h e r .  The s c a l i n g  v a r i a b l e  x  is d e f i n e d  x=Q2/2mNv 
where v i s  t h e  pho ton  e n e r g y  and -@ its f o u r  momentum s q u a r e d .  The 
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r e s u l t s  a r e  embodied i n  t h e  s t r u c t u r e  f u n c t i o n s . F o r  p r a c t i c a l  r e a s o n s  
t h e  e x p e r i m e n t s  were  performed on n u c l e i  which were  e x p e c t e d  t o  s c a l e  the 
n u c l e o n  r e s u l t .  T h i s  t u r n e d  o u t  n o t  t o  b e  t h e  c a s e .  The compar ison 
between t h e  s t r u c t u r e  f u n c t i o n s  F2 of Fe and D ( p e r  n u c l e o n )  r e v e a l e d  
a  d i f f e r e n c e  ( 1 4 ) .  The r a t i o  i s  l a r  e r  t h a n  one  a t  s m a l l  x  v a l u e s  
i x  S 0 . 3 )  f a l l i n g  below one  beyond 714-1 5 ) .  T h i s  i s  t h e  EMC e f f e c t .  
The p i o n i c  i n t e r p r e t a t i o n  of t h i s  e f f e c t  c o n c e r n s  t h e  s m a l l  x  enhance-  
ment ( a l t h o u g h  a  comple t e  d e s c r i p t i o n  s h o u l d  t r e a t  s i m u l t a n ~ o u s l y  a l l  
x  v a l u e s ) .  A t  s m a l l  x  t h e  c o n t r i b u t i o n  o f  t h e  s e a  q u a r k s  ( q q  p a i r s )  is 
dominant  ; t h e  i d e a  is t h a t  f o r  t h e  nuc leon  p a r t  of t h i s  s e a  i s  i n  
t h e  form o f  pions,  (16') t h a t  t h e r e  i s  a n  i n c r e a s e  of t h e  number of 
p i o n s  i n  t h e  n u c l e u s  617) and t h a t  t h i s  i n c r e a s e  is  l i n k e d  t o  t h e  p r e -  
v i o u s  c o n s i d e r ~ ~ . & ? n s  on t h e  enhancement of t h e  r e s p o n s e  t o  a  p i o n i c  
t y p e  o f  p robe  
I c a n n o t  e n t e r  h e r e  i n  t h e  d e t a i l s  b u t  w i t h  r e a s o n a b l e  v a l u e s  of t h e  
p a r a m e t e r s  ( i n  p a r t i c u l a r  t h e  Landau Migdal p a r a m e t e r s  g ' )  we f i n d  an  
e f f e c t  of  t h e  o b s e r v e d  magn i tude .  A s  e x p e c t e d  we a r e  q u i t e  s e n s i t i v e  
t o  t h e  i n p u t  p a r a m e t e r s ,  i n  p a r t i c u l a r  t o  g ' .  The c o n t r i b u t i o n  a r i s i n g  
from t h e  l p l h  enhancement i s  shown i n  F i g . 9 .  We have  a l s o  e x p l o r e d  i n  a  
p r e l i m i n a r y  way t h e  r o l e  of t h e  2p2h e x c i t a t i o n s  and w e  have  found  i t  
a p p r e c i a b l e .  
F i g . 9  - The f r a c t i o n a l  i n c r e a s e  i n  t h e  r a t i o  of t h e  s t r u c t u r e  f u n c t i o n  
i n  Fe compared w i t h  D ,  a s  a  f u n c t i o n  of x ( =  Q2/ imNv! .  The d a t a  a r e  
from t h e  EMC c o l l a b o r a t i o n ,  and t h e  shaded  a r e a  indicates p o s s i b l e  
s y s t e m a t i c  e r r o r s .  The s t a n d a r d  i n p u t  ( s o l i d  c u r v e )  f o r  Fe i s  kF=1.30 
fm- l ,  g t N N  = g t N f = g r e A  =O.7, a  bag  r a d i u s  of 0 . 7  fm i n  F ( q 2 ) ,  and 
r .(q2) is a  d l p o  e  o  mass 1 .67  GeV. I n  t h e  o t h e r  c u r v e s  t h e  e f f e c t  
o f  a l t e r i n g  any s i n g l e  one  of t h e s e  p a r a m e t e r s  i s  shown. 
The existence of an enhancement of pion content of the nucleus 
has been confirmed by Friman et a1 (IQB who give for the excess 
6 n /A the following numbers 
It is both surprising and gratifying that intermediate energy physics 
has a chance to have a relevance for high energy experiments. 
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